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* One hundred patients with Parkinson's disease were treated with
levodopa for more than a year at UCLA Medical Center. They were
examined at given intervals and their improvement was 'graded. The
optimum therapeutic dose was attained by balancing side effects
against relief of symptoms and ranged from 1.5 grams to 8.0 grams
per day (average 4.3 grams). There is no doubt that levodopa is
the most effective treatment now available for Parkinson's disease.
At the end of the first year., 60 percent of the patients improved 50
percent or better, and 10 percent were considered symptom-free. All
major symptoms of this disease, including rigidity, akinesia and
tremor, improved in variable degree.

There were no serious abnormalities in the routine clinical labo-
ratory tests. The comon side effects included nausea, vomiting and
choreoathetoid dyskinesias. The side effects were not life threaten-
ing, but occasionally were major therapeutic challenges.

Maximal benefits with minimal side effects were achieved only
by careful adjustments of the levodopa dosage as the months went
by. This needed careful management by the physician and co-

operation by the patient. Anticholinergic medications or amanta-
dine hydrochloride, sometimes both, usually supplemented the effect
of the levodopa.

LEVODOPA (L-3,4-dihydroxyphenylalanine) can
now be considered an established therapeutic
agent for Parkinson's disease. In the decade it
has taken to reach this stage, there have been at
least five major episodes. (1) Dopamine was
demonstrated in the mammalian central nervous
system' and was shown to have the highest con-
centration in the striatum-the caudate nucleus
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and putamen.234 (2) Dopamine concentration
was much reduced in the striatum and substantia
nigra in Parkinson's disease.4 Furthermore, Bar-
beau et al, in 1961, showed reduction of dopamine
in the urine of parkinsonian patients.5 (3) Sev-
eral groups of Swedish investigators whose closely
interlocking work was reviewed by Hillarp, Fuxe
and Dahlstrom in 1966, demonstrated by histo-
fluorescent technique a nigrostriatal neuronal
pathway containing dopamine.f (4) Birkmayer
and Hornykiewicz first showed in 1961 that intra-
venous dopa caused a clear but transient improve-
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ment in parkinsonian akinesia.7 Possibly because
the effects were mild, and also because of scepti-
cism of new drugs in the treatment of Parkinson's
disease, later stqdies with intravenous or small
(we would now say) oral doses of levodopa either
gave weak confirmation or reported no significant
effect. (5) Cotzias et al, in 1967, reported that
DL dopa in doses of 3 to 16 grams a day produced
major and occasionally complete remission of par-
kinsonian rigidity and akinesia.8 They reported
less effective control of tremor. These results were
accompanied by significant side effects: leuko-
penia in 4 of 16 patients. When the levo-rotatory
form was used alone in large doses, beneficial
effects were still striking and were not compli-
cated by potentially serious side effects.9"10"'l
The present report is based on a clinical study

conducted at the UCLA School of Medicine dur-
ing the past two years. This series consists of the
first 100 patients to enter our treatment program..
The patients now have been followed for one year
to two years. The purpose of this report is to de-
scribe the therapeutic effects, side effects and
treatment failures of levodopa in Parkinson's dis-
ease.

Methods and Materials
The series consisted of 63 men and 37 womep

ranging in age from 40 to 78 years (average, 62).
Ninety-two had Parkinson's disease (paralysis agi-
tans) and seven were considered to have post-
encephalitic parkinsonism. One patient had an
associated en plaque meningioma and his parkin-
sonism was considered to be atypical. Forty-three
of the patients had had previous stereotactic sur-
gical operation for their illness. The duration of
the illness for the entire group ranged from 2 to
46 vears (average: 10.7).

In the first ten patients we started the adminis-
tration of levodopa in the hospital. Thereafter we
initiated the levodopa therapy in the outpatient
clinic. A pretreatment evaluation consisted of a
complete history and general medical and neuro-
logical evaluation to confirm the diagnosis and
rule out any serious illnesses. The laboratory eval-
uation included a complete blood count, urinaly-
sis, liver function studies (bilirubin, SGOT, LDH),
renal function test (BUN), PBI, uric acid, Coombs
test, chest x-ray film and an electrocardiogram.
For the first three months, follow-up visits and
laboratory tests were obtained every two weeks.

After an optimal dose of the drug was obtained,
follow-up visits were at one- to two-month in-
tervals.

In order to assess the improvement in patients
taking levodopa, we used a two-part scoring sys-
tem to quantitate the efficacy of the drug (Table
1)."1 The first part was a list of symptoms and
signs. The second part was related to disability
in performing various daily activities (bottom of
Table 1). Answers to this part were obtained by
questioning the patient. Each of the items in the
two categories was then weighted on a 1 to 10
scale according to its importance and multiplied
by a number related to the degree of severity
of the symptom (0=absent, 1=present, 2=pro-
nounced). This gave a possible maximum total
score of 108 for the signs and symptoms and 112
points for functional disability. At each visit, the
improvement was determined by taking the total
scqre as calculated before therapy and subtract-
ing a score at a given time, the remainder then
being divided by the initial score to express the
amount of improvement in percentage. For ex-
ample, if a patient had an initial scqre of 90 and
later it decreased to 40, then the remainder of 50
would be divided by the initial scQre of 90 and
the improvement would be stated as 55.5 percent.

Anticholinergic agents were continued in those
patients using themn. After an optimal dose of
levodopa was achieved, we attempted to discon-
tinue these standard antiparkinsonian drugs.
At the beginning of the investigation we were

excluded patients with various disabilities, such
as hypertension or previous myocardial infarction.
Later we included patients with diastolic pressure
of less than 100 mm of mercury. A number had
bundle branch block or previous compensated
congestive heart failure. Patients with clinical evi-
dence of active renal, endocrine, hepatic or pul-
monary disease, malignant disease or psychosis
were not accepted. We did not accept patients
who were taking phenothiazines, thixanthines,
butyrophenones, phenylpiperazines, reserpine,
monoamine oxidase inhibitors, or alpha methyl
dopa because these drugs also act on the cata-
cholamines and serotonin. However, later we
used, without problems, phenothiazines in small
doses to control nausea, and amitriptyline hydro-
chloride (Elavil®), imipramine hydrochloride
(Tofranil®) and protriptyline hydrochloride (Vi-
vactil®) to combat depression. Since pyricipxine
reverses the effects of levodopa, we instructed our
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TABLE 1.-Specimen Sheet Showing Scoring Factors Used in Determining Effect of Levodopa Therapy*
(see text)

Symptoms and signs
Rigidity
Tremor
Akinesia
Dementia
Postural Abnormality
Depression
Seborrhea
Sialorrhea
Blepharospasm
Masked Facies
Speech

Activities
Dressing
Eating
Walking
Getting Out of Bed
Turning in Bed
Getting Out of Chair
Climbing Stairs
Use of Toilet
Bathing
Handwriting

Control Rating
O=absent
I =present
2= marked

(7)
(5)
(9)
(8)
(3)
(5)
(2)
(2)f (2)
(1)

(10)

(5)
(7)

(10)
(6)
(4)
(5)
(2)
(6)
(6)
(5)

x =

x = =

x =

x =

x =

x =

x =

=

=

Total Control
Value:

Rating at time of Viit
when taking levodopa

O=absent
I - present
2= marked

x ==
x_=
x_

x =

x =

x_

x =

X__ = _-_

X V
,\

X=
v

v.=
,\=
Total Value at
Time of Visit:

*Improvement was computed by the following mathematical formula:
Total Control Value-Total Value at Time of Visit X 100-Percent Improvement

Total Control Value

patients to avoid any vitamin supplement con-
taining B6 and also foods that contain large
amounts of that vitamin-all beans and peas, sweet
potatoes, yams, wheat germ, wheat bran, vitamin-
enriched bread, bacon and pork, avocado, nuts
and most of the so-called health foods.
We started administration of levodopa in a 500

mg dose daily and increased it by the same
amount every fourth day until a daily dose of 3.0
grams was reached. From then on, increases were
made very gradually and adjusted individually.
The dosage increase was carried to the point of
maximum benefit with regard to symptoms, or
until significant side effects occurred, or until a
dosage of 8.0 grams a day was reached. The daily
dose was divided into four or as many as six allot-
ments. Concurrently, patients were encouraged
to engage on a course of physiotherapy suited to
their individual needs.

Therapeutic Effects
First signs of improvement usually appeared

after the second or third week of therapy. The
patient himself often noted that he could turn in

bed more easily or had less tendency to hesitate
while walking. As measured by our previously
mentioned scoring method, more than one-fourth
of the patients had improved 50 percent or more
by the end of the first trimester (Table 2). At the
end of six months, more than half had improved
50 percent or better, and by the end of the first
year this degree of improvement had been at-
tained by 62 percent of all patients who had
started in the treatment program. At the end of
12 months 10 percent of the group were consid-
ered to be free of symptoms. This figure re-
mained unchanged as long as they continued to
take the prescribed medication. Only three pa-
tients were lost to the program, one because of
intractable nausea and vomiting at a dosage of
1 to 1.5 grams of levodopa a day, another who
relapsed to his former incapacity after initial im-
provement, and a third who died of congestive
heart failure unrelated to the treatment of Park-
inson's disease. A few patients continued to im-
prove after six months; a few regressed because
of side effects and inability to take large doses
of the drug.
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TABLE 2.-Degree of Improvement in Patients Receiving Levodopa Therapy
Time of No. of Treatment 0-24 25-49 50-74 75-99 100
Exam Patients Stopped* Worsened (percent) (percent) (percent) (percent) (percent)

3 months 100 0 1 31 31 19 16 2
6 months 100 1 0 15 27 25 22 10

12 months 100 3* 1 10 24 29 23 10

*Means the figure is cumulative from previous examination period.

TABLE 3.-Percentage Impr
Signs, Symptoms and Da

3 A

Rigidity
Tremor
Akinesia
Dementia
Postural Abnorm.
Depression
Seborrhea
Sialorrhea
Blepharospasm
Masked Facies
Speech

Dressing
Eating
Walking
Out of Bed
Out of Chair
Stairs
Toilet
Bathing
Handwriting

Improvements in individi
able. In evaluating three if
toms of Parldnson's disease
from rigidity was greatest e
as shown in Table 3. At the
ever akinesia was improve
rigidity next with 62 percent
45 percent.
The optimal daily dose r

between limiting side effect
movements which develop
doses, and maximum benefi
vestigator. It ranged betwe
per day (average: 4.3). In in
optimal dose decreased or in

ovement in Individual grams per day over the year. In some patients
lily Acts of Living choreoathetosis developed (see below under side
vlonths 6 Months 12 Months effects) and their daily dose had to be reduced; in
45 66 62 others, improved tolerance permitted an increase.
28 42 45

.3

42 42 68 We have also found that anticholinergic drugs
29 48 51 were complimentary with levodopa in the treat-
13 533 58 ment of Parkinson's disease. Before the initiation
53 52 58
48 58 60 of therapy, 87 of our patients were taking anti-
65 79 79 cholinergic drugs and five took amnantadine hy-
62 73 73 drochloride. During the year, these drugs were
33 40 47 disoontinued two or three times and were started

again only if the patient was clearly deriving some
29 28 38 benefit from them. By the end of the first year,
34 47 46 there were still 60 patients who continued taking
36 60 60 one of the anticholinergic preparations. Most
47 63 64 commonly the reason for this was that it was con-
539 5 56 tributing to the reduction of tremor. Other pa-
32 47 49 tients who attempted to discontinue these drugs
26 44 52 found moderate worsening of their other signs

and symptoms. Similarly, in a few of the cases
amantadine hydrochloride complimented the ef-

ial factors were var- fectiveness of levodopa.

wajor signs and symp- One of the factors which appeared to have an
we found that relief effect on the degree of improvement with levo-

arly in the treatment, dopa was the severity of illness. This is brought
end of the year, how- out in Table 4. All patients who had 100 percent
d most (68 percent), improvement came from the moderately impaired
and tremor least with group and none from the severely affected group.

The latter group also rated poorer in over-all im-
*epresented a balance provement, since more than half did not achieve
s, such as involuntary even a 50 percent improvement and it also in-
ed at high levodopa cluded the only patient who became worse dur-
t as judged by the in- ing the treatment. These criteria, however, do
,en 1.0 and 9.0 grams not measure the significant benefit in an individ-
idividual patients, this ual. A patient who had been totally disabled and
icreased by one or two then became able to feed himself and walk witl

TABLE 4.-Severity of Parkinson's Disease and Improvement After 12 Months
Treatment
Stopped Worsened 0-24% 25-49%/e 50-74% 75-99% 100%

Mild 0 0 0 0 1 1 0
Moderate
Severe

1
2

0
1

6
4

13
11

18
10

16
6

10
10
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TABLE 5.-Side Effects
(Severe side effects are given in parentheses)

Duration of Therap)
3 Months 6 Months 12 Months Total

Nausea and/or
Vomiting 36(2) 18(1) 7(0) 43(3)

Anorexia 4 1 0 5
Postural Hypotension 7 2 2 9(0)
Flushing 0 0 0 0
Dyskinesias 21(2) 24(3) 8(2) 38(4)
Mental Disturbances 4 2 0 5
Organic Confusion 5 3 0 6
Cardiac Disturbances 4 2 0 4

Palpitation 4 2 0 4
Dysrhythmias 0 0 0 0

some difficulty may have improved less than 25
percent on our grading scale, yet to him these
improvements were of considerable importance.
Other factors such as age, duration of illness,

cause of disease, and previous stereotaxic brain
operations did not influence the therapeutic effect
of levodopa. On the other hand, the presence of
organic dementia or of depression reduced the
likelihood of pronounced improvement.

Side Effects
The incidence of side effects is listed in Table 5.

These include nausea, vomiting, anorexia, invol-
untary movements, postural hypotension and car-
diac disturbances. Nausea and vomiting most
commonly occurred in the morning and were a
problem at some stage in almost half of the pa-
tients. For the most part these symptoms sub-
sided with time. One patient had to discontinue
levodopa because of intractable nausea and vom-
iting. The incidence of nausea and vomiting could
be reduced by slowing the rate of increase of levo-
dopa, by taking the drug with food, or by dividing
the daily dose into smaller amounts. Sometimes
taking an antacid before the levodopa tablet
helped. In several patients, a phenothiazine (Com-
pazine®) was useful. We also tried to de-empha-
size the side effects of nausea and vomiting in the
patients mind, as we have observed that these
symptoms can be due to placebo alone.
When higher doses were reached, some patients

again had nausea and vomiting. Reducing the
dosage by 0.5 or 1.0 grams usually controlled
these symptoms. Anorexia, accompanied by some
weight loss was seen in four patients early in the
treatment and in one late in the treatment.
The involuntary movements, best characterized

as choreoathetoid or dystonic, appeared in 38 pa-
tients. At the end of one year they were present
in eight patients, severe in two. They consisted
of undulating movement of the tongue, head-
bobbing, mouthing movements and head-turning.
Less commonly there were jerking movements of
the arms or legs. In a few patients, rhythmic con-
tractions of the thorax and abdomen made respi-
rations shallow and rapid. These movements were
often exaggerated by volitional movements of
other parts of the body.

The involuntary movements sometimes ap-
peared in the first few months of levodopa ther-
apy, but sometimes not until the sixth to the
twelfth month. They seemed to be characteristic
of patients with Parkinson's disease, since they
did not appear in six normal controls used early
in the study or in patients with other movement
disorders such as spasmotic torticollis or dystonia
musculorum deformans. When abnormal move-
ments occurred, they could usually be controlled
by reducing the daily dose by 0.5 to 1.0 gram.
Several patients benefited by a reduction in levo-
dopa dosage and the addition of a phenothiazine
or imipramine hydrochloride. However, two pa-
tients have been on a borderline between inade-
quate control of Parkinson's disease and incapaci-
tating choreoathetosis.

Postural hypotension was defined as a drop in
blood pressure of 30 mm of mercury on assuming
an upright position or a fall of systolic blood pres-
sure below 100 mm. It occurred in nine patients,
some of whom complained of dizziness in upright
posture. None of the patients fainted, although
fainting has been reported by other investiga-
tors.'2 These patients were severely disabled with
Parkinson's disease, particularly akinesia and rig-
idity, and most of them were depressed. The pos-
tural hypotension was reduced by either decreas-
ing the levodopa a modest amount or by use of
elastic stockings. It usually cleared after several
months. We did not use fludrocortisone acetate
(Florinef®) for hypotension although other inves-
tigators'1 have.

Mental disturbances, as found in five patients,
consisted of insomnia, depression and euphoria.
Depression usually predated the use of levodopa.
These patients did not have any organic demen-
tia. There were six other patients who exhibited
clear organic mental disturbances, five early and
one late. It persisted in two of them during the
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TABLE 6.-Comparison of Patients Considered Treatment Failures With Those With 100 Percent Improvement
Sex Duration DiJability Optimum Side Effects

of Rating Percent Main Levodopa Nausea orPt. Age Illness Before x Improved Symptom Dose Dyskinesia Vomiting

1 69 M 7 176 20 A 7.5 -
2 70 M 7 131 20 A 8.0
3 70 F 10 95 8 A;R;T 6.0 - Moderate
4 61 F 9 121 18 A 3.0 Mild Severe
5 62 M 7 102 22 A;R 7.0 -
6 68 M 9 113 9 A;T 5.5 - Moderate
7 74 F 8 88 100 R 2.0 - -
8 63 M 13 86 100 R;A;T 4.0 - Mild
9 61 M 11 91 100 R;A;T 3.0 Mild -
10 58 M 5 98 100 R;A;T 5.0 Mild Mild
11 42 M 4 60 100 T 5.0 Mild Mild
12 62 M 22 112 100 R;A;T 5.0 - Mild
13 53 M 7 77 100 R;A;T 4.5 Mild -
14 62 M 4 38 100 R;A 3.5 Mild
15 44 M 6 60 100 R;A 7.0
16 74 F 5 43 100 R;A 2.5 Mild
A=Akinesia. R=Rigidity. T= Tremor.

full year. In these cases, confusion, hallucinations
and agitation were prominent. Most of these pa-
tients had some organic dementia before therapy.
Depression was successfully treated by the usual
recommended therapeutic doses of amitriptyline
(Elavil®), imipramine (Tofranil®), or protriptyline
(Vivactil®) while continuing the levodopa at pre-
vious dosage levels.

In none of the cases in our series did we note
the cardiac dysrhythmia reported elsewhere,10"'1
although four patients have complained of heart
palpitations, frequently occurring after ingestion
of large doses of the drug.

Sexual performance improved only in relation
to the improvement in mobility and well-being
and no aphrodisiac effects were observed.
There was one death in our group. The cause

was congestive heart failure and there was no evi-
dence it was related to levodopa therapy.
There were few biochemical abnormalities ob-

served. There were no instances of protein-bound
iodine elevation. No leukocytosis or leukopenia
were noted. Positive reaction to Coombs test de-
veloped in four patients during therapy, but no
hemolytic abnormality was demonstrated. Tran-
sient BUN elevations with values from 22 to 35
were seen in 15 of the patients. Creatinine deter-
minations remained normal. Degradation prod-
ucts of levodopa frequently resulted in change of
urine color to deep amber, especially on standing,
and also resulted in positive urine tests for acetone
and diacetic acid. Serum transaminase elevation
due to impaired gastrointestinal absorption or re-

was noted-in seven patients, but this also was tran-
sient and mild. Normocytic, normochromic ane-
mia with hematocrits of 28 and 30 occurred in two
patients, but no explanation for this could be
found. None of these laboratory abnormalities
necessitated reducing or discontinuing levodopa.

Discussion
The data we have presented is comparable to

that of other reported series.10 "' There were in-
dividuals who showed pronounced improvement,
others who responded rather poorly. Comparing
and contrasting some of the factors in Table 6
brings out some interesting features. It is appar-
ent that those who had no symptoms at the end
of the first year of treatment were relatively less
disabled at the beginning of therapy. There was
no difference in age or duration of illness between
the two groups. However, the poorly responsive
group of patients had severe akinesia as compared
with other patients. The average levodopa dose
for the group which responded poorly was much
greater (5.1 grams) than for the entire study group
or select symptom-free group (4.3 grams). Since
all the patients had the levodopa dosage pushed
to the point of significant side effects or to a level
of 8 (or rarely 9) grams a day, this indicates these
individuals were able to tolerate larger than usual
amounts of the drug. One can perhaps speculate
that those who responded poorly, despite high
doses of levodopa, did so because their central
dopamine levels were never high. This may be
lated to transport across the blood brain barrier.
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The efficacy of levodopa in Parkinson's disease
based on one year's experience is unequivocal. It
is the best treatment we have found for parkin-
sonism. Its clinical effect is due to, and has in turn
produced considerable interest in monoamine re-
search. At the same time, it is not an ideal medi-
cation. Its side effects, while not life-threatening,
may be persistent and troublesome. The dosage
administered is very high considering the small
amount which is presumably active in the cen-
tral nervous system.

Many questions remain. Does levodopa retard
the progression of the disease by reducing the rate
of dying of nerve cells in the substantia nigra
which are responsible for dopamine production?
Or does the large amount of therapeutically ad-
ministered levodopa simply allow the remaining
cells in the nigra to perform the dopa-to-dopamine
decarboxylation more easily, while the gradual
cell death goes on? There is some evidence to
suggest that patients with virtual absence of nerve
cells in the substantia nigra do not have thera-
peutic response to levodopa.'2 Clinical trials fol-
lowed by post-mortem examinations for five to ten
vears will be necessary to resolve this issue.

The choreoathetoid dyskinesia induced by levo-
dopa is a unique movement disorder and is also
of interest. So far, we have seen it occur only in
parkinsonian patients. It appears that an under-
lying cellular and biochemical alteration specific
to these patients may be an important factor in
these involuntary movements. The narrow dos-
age boundary between effective therapy and de-
velopment of choreoathetosis suggests the same
biochemical pathway is involved to a different
degree. Yet, other possibilities have to be consid-
ered. For example, serotonin depletion may be
a factor, since levodopa, when administered in
large amounts, may depress serotonin and sero-
tonin metabolites,13 possibly by utilizing the de-
carboxylase common to both dopamine and sero-
tonin formation.

Why do a few patients relapse after several
months of pronounced improvement? Possibly
another site of dopa-to-dopamine conversion, such
as the brain capillary endothelium,14 has started
utilizing all of the dopa destined for the central
nervous system. Possibly a relative deficiency of
adenosylmethionine, a donor of the methyl groups
necessary at several stages in dopamine metabo-

lism,15 is a factor. These questions should be an-
swerable by animal and possibly human experi-
mentation.

Turning again to the clinical side, we can say
levodopa is an interesting and challenging drug
to the physician to administer and is liable to give
the parkinsonian patient significant benefit if he
can reach and continue taking an adequate daily
dose for the first few difficult months. From that
time on, the patient usually needs no persuasion
to continue the drug. We still use the principal
dosage-regulating techniques and means of com-
bating side effects noted earlier in this paper.
Since no serious changes in the results of labora-
tory determinations have been noted, we now or-
der routine blood studies, urinalysis, BUN and SCOT
at the beginning of therapy and repeat these at
three- to six-month intervals.

Since levodopa is likely to significantly help
even bedridden invalids with Parkinson's disease,
it seems wise to give a four- to six-month trial to
most such patients. We would avoid only those
incapacitated patients with a severe degree of
dementia.

Patients with very mild parkinsonism of one to
two years duration represent another problem.
We don't yet know whether levodopa has only a
suppressant action on parkinsonian symptoms or
has some curative action. The latter appears un-
likely, but it is a possibility. Levodopa is a trou-
blesome medicine to take, and is still quite costly.
In view of these and other factors, we have not
been giving levodopa in the very mild cases un-
less the patient badly wants the drug and plans
to continue taking it for many years to come,
probably the rest of his life.
There is wide variation in patient responses to

levodopa. In view of this, the physician's direc-
tions to the patient, within the confines of the
dosage-regulating techniques noted above, must
be very flexible. For the first year of therapy, and
especially for the first few months, the physician
must be readily available, willing to make sugges-
tions over the phone, offer encouragement, make
repeated minor dosage adjustments, be willing to
improvise, to learn to anticipate certain of the side
effects, and to see the patient promptly if indi-
cated. These cautions should not make the phy-
sician avoid using levodopa; rather, he should ap-
proach the drug with the respect he gives to the
use of other potent drugs such as dicumarol.
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